The epidermal growth factor receptor (EGFR) contains four known functional domains: an N-terminal, extracellular, epidermal growth factor (EGF)-binding domain, a transmembrane domain, a tyrosine kinase domain, and an =20-kDa C-terminal domain containing the three major sites of EGF-stimulated autophosphorylation (1) (2) (3) (4) . The v-erbB oncogenes of avian erythroblastosis viruses (AEVs) are generated by recombination of cellular sequences encoding the transmembrane and cytoplasmic domains of the EGFR into a viral genome. As compared to the EGFR, the erbB proteins of AEV strains R (ES4) and H are truncated at both ends, lacking most of the N-terminal EGF-binding domain as well as some C-terminal amino acids (5) (6) (7) (8) . The erbB proteins expressed by erythroblastosis-inducing proviral insertions into the EGFR gene of chickens are truncated only at their N terminus (5) . Thus, N-terminal truncation is a consistent correlate of the induction of erythroblastosis by the EGFR whereas C-terminal truncation is not.
We have reported the frequent occurrence of new erbBtransducing viruses in cases of avian leukosis virus-induced erythroblastosis (9) . During the early passage of these viruses, we realized that some erythroblastosis-inducing transductions are accompanied by angiosarcoma-inducing transductions of c-erbB (10) . We also observed that these recently isolated erythroblastosis-inducing viruses, unlike two prior isolates of erythroblastosis-inducing viruses (AEV-R and AEV-H), were unable to transform fibroblasts or cause fibrosarcoma (9, 10) . These viruses also differed from AEV-R in that their ability to induce erythroblastosis was restricted to inbred line 15, chickens or crosses of 151 chickens (11) . In this manuscript we have used 11 of these recently isolated viruses as well as AEV-R and AEV-H to show that differences in the transforming potential of erbB viruses correlate with differences in erbB sequences encoding the C-terminal domain of the EGFR.
MATERIALS AND METHODS
Virus Stocks. Virus stocks were prepared from filtered 10% (wt/vol) tumor homogenates and by cocultivating chicken embryo fibroblasts with tumor tissue (10) . Infectious AEV-H was recovered by cotransfection of cloned AEV-H DNA (12) and cloned Rous-associated virus (RAV)-1, DNA into turkey fibroblasts as described (13 (10) .
DNA Analyses. Isolation of DNA from tumors or infected cells, restriction enzyme digestions, agarose gel electrophoresis, transfer to nitrocellulose filters, hybridization with nick-translated DNAs, post-hybridization washing, and autoradiography were as described (9) . Viral RNA Blots. RNA in the particulate fraction of virus stocks (prepared as for reverse-transcriptase assay, ref. 14) was blotted onto nitrocellulose as described by White and Bancroft (15) . Subsequent processing of the filters was performed as for DNA blots (9) .
RESULTS
Isolation of erbB-Transducing Viruses with Different Disease Potentials. Fifty percent of avian leukosis virus-induced erythroleukemias in (15, x K28) x K28 chickens contain newly generated erbB-transducing viruses (9) . From seven Abbreviations: EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; AEV, avian erythroblastosis virus; AAV, avian angiosarcoma-inducing virus; AFV, avian fibrosarcoma-inducing virus; bp, base pair(s); kb, kilobase(s); RAV, Rous-associated virus.
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replication. To eliminate possible contributions of helper viruses to differences in disease potential, stocks of AEV-R and AEV-H were prepared using the RAV-1 helper found in the stocks of the virus isolates. These stocks were then tested for disease potential following intravenous as well as wingweb inoculation into 151-related chickens.
Stocks of AEV-R exhibited a stable disease potential during passage whereas stocks ofAEV-H exhibited a changing disease potential with passage (see also ref. 19 ). Also, different disease potentials were observed for three stocks of AEV-H that had been independently recovered from molecularly cloned AEV-H DNA. To obtain a stock that could be tested for the true disease potential of AEV-H, a stock of AEV-H that caused erythroblastosis and angiosarcoma was subjected to end-point dilution in chickens. Chickens with cases of erythroblastosis that occurred near or at the end point ofthe dilution series were then used to prepare stocks (filtered homogenates of bone marrow). These stocks had titers of from 1 x 103 to 1 x 104 infectious units of AEV-H per ml. Stocks of AEV-R as well as stocks of AEV-H (obtained as described above) caused erythroblastosis following intravenous inoculation and erythroblastosis as well as fibrosarcoma following wing-web inoculations. The fibrosarcomas were unlike the fibrosarcoma induced by AFV-5014, in that they did not occur following intravenous inoculations and tended not to occur in the internal organs of chickens following wing-web inoculations. Proviral erbB sequences in cases of AEV-H-induced erythroblastosis and fibrosarcoma had restriction endonuclease maps that were indistinguishable from those observed for the molecularly cloned DNA of AEV-H.
Host Pedigree Restriction of Disease Induction. The virus isolates as well as AEV-R and AEV-H were tested for disease induction in crosses of inbred line 151 with noninbred K28 chickens and in K28 chickens. These tests were of interest because inbred line 151 chickens carry a dominant trait for high susceptibility to erbB-induced erythroblastosis (11) . In the tests for pedigree restriction, AEVs, AAVs, and AFV were inoculated intravenously into chickens. The AEVs (four were tested) caused disease in 151-related but not in K28 chickens (Table 2 ). In contrast, AEV-R and AEV-H caused erythroblastosis in K28 as well as crosses of 15, and K28 Fig. 1 ). Densities were normalized using a stock of AEV-R of known focus-forming titer as standard. tLine 151 x K28 chickens. §(151 x K28) x (15, x K28) or (15, x K28) x K28 chickens. $The stock of AEV-H was prepared from the bone marrow of a chicken inoculated with an end-point dilution of AEV-H.
Cells in foci were fibroblastic in appearance.
chickens. The three AAVs and AFV-5014 also were not pedigree restricted in their disease potential.
To quantitate the level of this host pedigree restriction, estimates of the titer of erbB sequences in each virus stock were obtained from densitometer tracings of slot blots of virion RNA hybridized with the 32P-labeled BAM-RI probe (see Fig. 1 ). The amounts of erbB-related RNA in each stock were normalized to those present in a standard stock of AEV-R. The results of these tests indicated that the pedigree restriction ofthe AEV isolates was marked with inocula more than 500 times that required for AEV-H to induce erythroblastosis in K28 chickens failing to cause disease in K28 (Table 2) .
Fibroblast Transformation. The AEVs, AAVs, and AFV as well as AEV-R and AEV-H were tested for their ability to transform chicken embryo fibroblasts, as judged by focus formation on monolayers grown under agar ( appeared to be similar in viruses with different disease potentials. This was shown by all of the viruses having =560-base pair (bp) src-related BamHI fragments. These fragments comigrated with those found in AEV-R and AEV-H.
The erbB genes were next tested for sequences encoding the C-terminal domain of the EGFR using a number of different restriction endonuclease digests of tumor DNAs as well as molecularly cloned DNAs from AEV-R, AEV-H, AEV-5005, and AAV-5005. Particularly informative were Bcl I plus HindIII double digestions in which each of the AEVs displayed a discrete 0.8-kb fragment that hybridized with the RI-HINDIII probe (Fig. 1B) . The sequence of a cDNA derived from a provirally promoted c-erbB mRNA contains a single Bcl I site and a single HindIII site, separated by 798 bp (ref. 5, see Fig. lA) . The HindIII site overlaps with the penultimate codon ofthe chicken EGFR (5). Thus each ofthe viruses appear to encode C termini that are complete up to the penultimate amino acid. Evidence that sequences in the AEVs encode the complete C terminus of the EGFR is presented in Fig. 1C . In these analyses, the EcoRI fragment containing the 3' junction of EGFR and viral sequences was digested with HindIII. HindIII digestion reduced the apparent sizes of the junction fragments by :=z250 bp as would be predicted from the presence of a HindIII site 248 bp to the 3' side of the EcoRI site in the chicken EGFR cDNA (Fig. LA) . The HindIII-EcoRI fragments containing the 3' junction of erbB and viral sequences hybridized with the PSTI probe (see lanes B in Fig. 1C ) indicating the presence of EGFR sequences on the 3' side of the HindIII site. Moreover, the proviral erbB genes in each of these erythroblastosis viruses had restriction endonuclease maps that were indistinguishable from those observed for the molecularly cloned c-erbB cDNA (Fig. 2) . These analyses indicate that each ofthe seven AEVs contains sequences encoding the complete C-terminal domain of the EGFR. Thus the newly isolated erythroblastosis viruses are different from AEV-H and AEV-R, which are truncated for sequences encoding the C terminus of the EGFR (5, 6, 8) .
In contrast to the AEVs, the angiosarcoma and fibrosarcoma-inducing viruses had internal deletions or substantial truncations in sequences encoding the C-terminal domain of the EGFR. The Bcl I-HindIII erbB fragments detected in proviral DNA of AAV-5005, AAV-4890, and AFV-5014 were shorter than the 0.8-kb fragments observed in the AEVs (see digests for AAV-5005 and AFV-5014 in Fig. 1B) . Analyses of the 3-junction fragments in these viruses using EcoRI and EcoRI plus HindIII digestions indicated that these shorter fragments represented internal deletions in EGFR sequences (see AAV-4890 in Fig. 1C ). The deletions in AAV-5005, AFV-5014, and AAV-4890 were mapped to the same general region of erbB as the 169-bp internal deletion previously reported in tdl30, a derivative of AEV-H that induces only fibrosarcoma (6, 12) . The results of this mapping are summarized in Fig. 2 .
The erbB gene of AAV-5014 was found to have a substantial truncation in sequences encoding the C-terminal domain of the EGFR. The proviral DNA of AAV-5014 hybridized with the BAM-RI probe but had no homology to the RI-HINDIII or PST probes for EGFR sequences. 15 , chickens coupled with the inability to transform fibroblasts or cause disease in random bred chickens, (ii) the ability to cause erythroblastosis and fibrosarcoma in any chicken, (iii) the ability to cause angiosarcoma in any chicken, and (iv) the ability to cause fibrosarcoma in any chicken. Each of these disease potentials correlated with differences in sequences encoding the C-terminal domain of the EGFR.
Seven viruses were able to cause erythroblastosis in line 151 chickens but were unable to transform fibroblasts or cause erythroblastosis in random bred chickens. The v-erbB genes of each of these viruses contained sequences encoding the complete C terminus of the EGFR. Thus viruses that express v-erbB genes encoding the complete C terminus of the EGFR have very limited transforming potential.
Two viruses, AEV-R and AEV-H, were able to cause erythroblastosis in noninbred chickens and could transform fibroblasts and cause fibrosarcoma following wing-web (but not intravenous) inoculation. Both of these viruses encode C-terminally truncated erbB proteins that lack the homolog of at least one of the sites of EGF-stimulated autophosphorylation of the human EGFR (4) (5) (6) 8) . This is a provocative result since it suggests that loss of sites for autophosphorylation increases the transforming potential of erbB proteins for erythroblasts and for fibroblasts. The result also suggests that the high susceptibility of the erythroid cells of line 151 chickens to erbB-induced transformation (11) is determined by an atypical response to autophosphorylation.
The two remaining transforming potentials are represented by three angiosarcoma-inducing viruses and one fibrosarcoma-inducing virus. Apart from causing different diseases, these viruses were similar in being able to transform fibroblasts, being able to cause disease in any chicken and having substantial perturbations in v-erbB sequences encoding the C terminus of the EGFR. Two of the angiosarcoma viruses as well as the fibrosarcoma virus had large internal deletions whereas the third angiosarcoma virus had a substantial truncation in sequences encoding the C terminus. These results complement the finding of an internal deletion in td130, a derivative of AEV-H that only induces fibrosarcomas (6) . The internal deletion in tdl30 results in truncation of the 222 C-terminal amino acids of the chicken EGFR.
Most erbB-Transducing Viruses Cause Disease in Only One Cell Lineage. Twelve out of the 14 erbB-transducing viruses in Fig. 2 cause a single disease. This remarkable specificity in pathogenic potential does not appear to be the result of differences in tissue tropisms since all of the erbB-transducing viruses in our tests were grown in the presence of the same helper virus. Also, the differences in disease specificity are not easily attributed to differences in the time of onset of erythroblastosis, angiosarcoma, and fibrosarcoma. With the exception of AEV-R and AEV-H, where the induction of fibrosarcoma takes longer than the induction of erythroblastosis (20) , the times of onset of the different erbB-induced diseases are remarkably similar. Chickens infected with stocks containing a mixture of viruses reproducibly develop diseases caused by each of the viruses in the mixture. The specificity in disease induction by viruses encoding erbB proteins with different C termini implies that the tissues that are targets for transformation by these viruses are differentiated with respect to their response to the EGFR. The erbB proteins in the viruses we have described should help resolve the function and tissue-specific interactions of the C-terminal domain of the EGFR.
